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SUMMARY 


The probability of collision between two airplanes has been determined for 
their normal assignment to adjacent flight levels and for their very rare mis- 
assignment to the same flight level. Collision probabilities were computed for 
a flight-level separation minimum of 500 feet, airplane f ^al *imen sionEOf 
20 and 1+0 feet, altitude-misassignment probabilities of 1/100,000 and 1/ , , , 

and altimeter-system errors (3 a values) ranging from 0 to 2,0 ee 

The results of the analysis showed that minimum collision probabilities 
occurred at altimeter-system errors of about 200 feet, and that for altimeter- 
system errors from 500 to 2,000 feet, the collision probability s J®ra 

orders of magnitude greater than that for altimeter-system errors of 250 feet 

or less. 


INTRODUCTION 


The amount by which an airplane deviates from an assigned flight level, that 
is its vertical-displacement error, depends on the altimeter-system error (c m- 
bined static-pressure and altimeter errors) and on the flight technical error 
(random deviations from stabilized cruise altitude (ref. l) ) . The probaby 
collision between two airplanes flying adjacent flight ievels depends, therefore, 
on their vertical displacement errors and, in addition, on (l) the siz 
airplanes, (2) the flight-level separation minimum, ( 3 ) the lateral displacement 
o flth^ai rp lane s and ( 4 ) the collision exposure time. The collision exposure 

small to very large values depending on the direction of 
flight of the two airplanes; if they are flying in the same direction the expo- 
sure time becomes a function of the longitudinal separation and the relative 
speeds of the airplanes. 

In a study performed by the Federal Aviation Agency in 1961, the relation- 
ship between collision probability and vertical-displacement error was determine 
for the case of two airplanes assigned to adjacent flight levels More recently, 
questions have been raised regarding the relation between altimeter-system err r 
Lid collision probability for the case where airplanes, through an error on t 
part of the ground controller, are assigned to the same flight level. The 



possibility of altitude misassignments poses a conflicting problem with regard to 
altimeter- system accuracy in that the small errors which would prevent collision 
between airplanes assigned to adjacent flight levels would increase the proba- 
bility of collision if the airplanes were misassigned to the same flight level. 
V rovide an _ answer to this problem, an analysis has been made to determine the 
effect of altimeter- system accuracy on the probability of collision between two 
airplanes for the case of assignment to adjacent flight levels or misassignment 
to the same flight level. In this analysis the probabilities of collision were 
computed on the assumption that the airplanes were located along a vertical line. 


SYMBOLS 


o standard deviation of altimeter- system error 

h vertical dimension of airplane 

® flight- level separation minimum 

*m altitude misassignment probability 

P l,2,3,...n probability of the altimeter- system error being within error incre- 
ments numbered 1, 2, 3, ... n, equal to the corresponding area 
of “the increment under a normal curve 

p c s collision probability for two airplanes assigned to same flight level 

Pc a collision probability for two airplanes assigned to adjacent flight 

levels 

p c total collision probability for two airplanes assigned to same flight 

level or to adjacent flight levels, P Cs + p c& 


ANALYSIS 


4 . T? 6 m ® thod of used in the present study is based on the assumption 

that the altimeter- system errors of all airplanes have a normal distribution. 

For any one airplane, therefore, the probability that the error of its altimeter 
system will be within a given error increment can be determined from the corre- 
sponding area under a normal curve; these incremental areas are readily deter- 
mined from tables of probability developed for this type of distribution. 

The application of normal curves to the determination of collision proba- 
bilities is illustrated in figure 1. Shown in this figure are normal curves rep- 
resenting the altimeter- system error distribution for two airplanes assigned to 
flight levels separated by a distanee S (fig. 1(a)) and for two airplanes 
assigned to the same flight level (fig. 1(b)). The altimeter- system error scales 
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sLrt °of‘rt CU - Ve ? are dl I lded lnt ° lncre " ents «P*1 to the vertical dimen- 
sion h of the airplanes. This dimension h represents the lamest error 

si^rthe values oft °° lll6i0n the tTO - certain to occur 

ince tnev^ues of h are assumed to be equal for the two airplanes For the 

it ?: nf tLSth^js bits ^ tht SSE.SST5 tL is d-’ 

plane will fall within increment 4 is represented bv the area n f th n + -,• , 

T n T y be , ddS f d f ed P « the probability that the error of STSL 

rp ane will fall within intersecting increment 6 is represented by the area of 
that segment and may be designated Pg. The probability that the errors of the 

uct^rtheT 1 fal1 Wlthin th6Se increments simultaneously is equal to the prod- 
uct of the two error-increment probabilities or P^. For the case of the So 

CSS 1168 aSSigned to the same fll S ht level, the collision probability for a 
g ven error increment is equal to the product of the probabilities (i e areas'! 
of corresponding error increments. For example, for error increment 1 'the col 
n P robablllt y would be the product of the two error increment probabilities 
Pi, that is, p, 2 . 

In the illustration in figure 1(a) the collision probability, P Ca for 

the two airplanes assigned to adjacent flight levels is the sum nf • • 

probabilities of error segments 4, 5, and 6 and isl^o T/l For ™ 

the case of two airplanes assigned to the same flight level (fi« lfbU the ml 
ision probability P Cs is determined not only by the sum of the collision 

nf°+hl! 1 + itie ? °f thS corres P° ndin S error increments but also by the probabilitv 
, , wo air Planes being assigned to the same flight level that is the 
altitude-mi sassignment probability P m . For the case illustrated in fi^re 1 
therefore, the collision probability, P Cs , i s equal to * 

(pi 2 + 2P 2 2 + 2p/ + 2P^ 2 ♦ 2P/ + 2P 6 2 )p m . With the introduction of p m , the 
value of P Ca should, to be exact, be multiplied by the factor (1 - P m ). how- 
ever since the value of P m is extremely small, the factor (1 - P m ) can be 
considered unity with negligible error. ^ J 

The total collision probability P c for a given set of values of a h 
S, and P m is the sum of the collision probabilities for the two cases of air- 

that 8 if "p^r"! P llght leVelS ° r to the same flight 

9 c c a 

1oir -, In the P resent study, S is assigned a value of 500 feet (the flieht 

^r™ e F“suS n FSSnu!esf fle ' i rt r COmblned IPR < Instru “ e ht night lules) 

^ visual Flight Rules) operations in the altitude range below 



\ it ~\ on anri do feet were assigned to the airplane vertical 

fi^ion 6 ! >l‘ «£ e e aS“o d S? r^r" S SpSxillfeffrtical 

dimension of medium-size airplane and 40 feet represen PP 1/100,000 

d Tr/f~ p »> t . 

^eC^ whicfaltitude 

2 

States and on information relating to near-miss indents and g 

error reported in Project Scan r f. 2). Por t^alu ^^.^tem 

— — the 5rob - 

ability is 99-7 percent), ranged from 0 to 2, 

in the present analysis the assumption *£ SS- 

indicated altitudes exactly, ai ’ lanes are located along the same vertical 

fine’, f af is) S Se edicts of lateral separation and collision exposure time are 
not included. 


RESULTS AND DISCUSSION 


“ sss 

i^I^vert?c£ fmensfn TfnfaltSudf Ssassignment probability p m- In 
figure 3, one of the curves in figure 2 has been extended through a range o 
altimeter-system errors up to 2,000 feet. 

It should be noted that the P c -ales in figures 2 “ d 5 “e logarithmic 
and that the scale of figure 3 is compressed with Pcapecyo^tta ' 

The curves in figure 2 show that the coll jN°" f feerofonefllf 

altimeter-system error approaches values in this range 

the flight-level separation minimum; the col P probabl iity of collision 

of altimeter-system errors are determined solely by ttie proba^ ^ higher 

of the “atefer^oS) the collision probability increases rapidly 

iSSsf cfSTMS ies of collision whe^ rthe 

ZfJeTeTsyilTerTtil^ui foOO^et or twice (he flight-level separation 
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Altimeter -system error (3<3 values), feet 

ranassr — — “ a 


minimum. Despite the decrease in collision probability beyond this point the 
collision probabilities for a range of altimeter-system errors of from on^ S as 
high as four times the separation minimum are several orders of magnitude greater 

tiTn Mnim™ pr0babllltles for ^rors less than one-half the separa- 

As shown in figure 2, minimum collision probabilities occur at altimeter- 
system errors ranging from about 1 95 feet (for the 40-foot airplane vertical 
dimension) to about 210 feet (for the 20-foot airplane vertical dimension). For 

the I^ UeS + m + ^ h COnsidered ln this analysis, therefore, the value of 
he altimeter- system error for minimum collision probability is unaffected by 

changes in P m and affected to only, a small extent by changes in h. From a con- 

sideration of these results, it might appear that a minimum collision probability 

2oS tet "a t f al ? imeter - SyStem — (3a values) were on the order of ^ 
° ? S n! 10t n ed earllei 9 however, the altimeter-system error is only a part of 

flLht^ic^ i SP ment err ° r ° f an alrplane 9111(1 for actual operations the 
flight technical error must also be taken into account. 

Some preliminary information on the flight technical error has recently 
been acquired from operations of 13 turbine-powered transports in the altitude 
range from sea level to 40,000 feet. These data have shown that for flight under 
autopilot (altitude-hold) control, the random deviations from cruise altitude 
were less than 100 to 250 feet for 99-7 percent of the cruise time. For opera- 
tions of two of the airplanes under manual control, the altitude deviations were 

flTlt tZl f°f 350 feCt ; ° n thS baSlS ° f this laP °™ a tion, the 3 a value of 
I ^ ech nical error would be expected to be generally on the order of 

ee . As this value is about the same as that computed in the present studv 
for minimum collision probability, the altimeter- system error would have to Y 
approach zero if the vertical-displacement error is not to exceed a value of 
200 feet Since zero or near- zero altimeter-system errors are not within the 
present state of the art of altimetry, however, the flight technical error would 
have to be reduced to a value less than 200 feet if minimum collision probability 
flight te r ? i 6d Wlth pre9ent - da ^ altimeter systems. If, for example, the 
cnnf™/ S' 11 — err ° r C ° Uld te reduced to !50 feet (by maximum use of autopilot 
l 811(1 operation under manual control), the altimeter- system error 

d have a value of 9 0 feet and still produce a combined value for the vertical 
displacement error of 200 feet (since the combined value is the square root of 
the sum of the squares of the two individual errors). Although the errors of the 

Qo'feet ft r ter systems of many present-day airplanes are greater than 
90 feet, altimeter-system errors of this order of magnitude can be achieved by 
applying corrections for the static -pres sure and instrument errors by means of 
rrection cards or by the use of static-pressure compensators and altimeter 
scale-error correctors. 


CONCLUDING REMARKS 


The variation of collision probability with altimeter- system error has been 
computed for two airplanes assigned to adjacent flight levels or misassigned to 
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„ . . . , oirol Fnr a flight-level separation minimum of 500 feet, air- 
the same flight lev . f t ^ altitude-misassignment proh- 

P lane vertical dlmen^°ns °f 20 probabl i lt les were 

SverS e orders e of e m^nitude greater than that for altimeter-system errors less 
than 250 feet. 


Langley Research Center, A , . . . . 

National Aeronautics and Space Administration, 
Lanelev Station, Hampton, Va., January lb. 
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